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ABSTRACT: This study was carried out to assess the level, distribution and the contamination status of Pb, Zn, As, 
Ni, Cu, Cr and Cd in agricultural soils around the settlements of Abandoned Lead-Zinc Mine in Nkpuma Ekwoku, South-
eastern, Nigeria. The mean concentrations of the heavy metals, Pb, Zn, As, Ni, Cu, Cr and Cd are 109.55, 210, 1.83, 
2.34, 8.24, 12.66 and 8.57 mg/kg respectively. The values obtained were compared with the established soil sediment 
standard by Canadian Council of Ministers of Environment (CCME). Generally most samples around the abandoned 
Pb/Zn mine show higher concentration of Pb, Zn, Cd, and Cr compare to individual Effect Range Low (ERL) values of 
the elements while Cu, and Ni were below both Effect Range Low (ERL) and Effect Range Medium values. However, 
Cd and Cr exceed the Effect Range Medium of the elements. Pollution Load Index (PLI) was found to be generally low 
in all the locations whereas the contamination factor (CF) values for metals like Pb, Zn and Cd are >1 while CF values 
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Recently, there have been increasing interests 
regarding heavy metal contamination in the 
environment, apparently due to their toxicity and 
persistence within the environment (Tijani et al., 
2005). Heavy metal contamination is common in 
developed and developing countries especially 
industrial and mineralization areas. Natural and 
anthropogenic processes including methods of mining 
and mine waste have remained the major sources of 
the heavy metals in the environment (Obiora et al., 
2016a, b, 2018). Lead poisoning which resulted from 
artisan mining of gold bearing lead ores around parts 
of Zamfara State, northeastern Nigeria has led to death 
of 163 people including children between March and 
June, 2010 (Lo et al., 2010). Heavy metals have the 
ability to accumulate in human body over a period of 
time before its effect (Paz-Ferreiro et al., 2014; 
Chehregani et al., 2005). The soil is the major interface 
for the exchange of these heavy metals. Due to daily 
activities of man such as mining, agricultural activities 
and other developmental activities, there is frequent 
and continues interaction with soil and direct ingestion 
of the heavy metals via plants cultivated on the soils 
(Obiora et al., 2016a).  
 
The study area is located within Abakaliki basin 
(Chukwu and Obiora, 2018), Lower Benue Rift, 
Nigeria. The basin consists mainly of Albian 
carbonaceous shale of the Asu River Group (Abakaliki 
shale) subordinate sandstone, siltstone and limestone. 
The Cretaceous dark shales host hydrothermal Pb/Zn 
mineralization (figure 1). Mining of Pb-Zn in the study 
area has lasted for more 85 years. The waste from the 
mines has been converted to settlements and farmlands 
and the mining pits in most localities serve as ponds 
for domestic water activities by the inhabitants. This 
present work is aimed to assess the level, distribution 
and the contamination status of Pb, Zn, As, Ni, Cu, Cr 
and Cd in agricultural soils around the settlements of 
abandoned Pb-Zn mines.  
 
MATERIAL AND METHODS 
Soil Sampling: Samples of sediments were taking from 
sixteen stations (covering Mkpuma Ekwoku and its 
environs) within the period of December - March. A 
total of 16 samples were collected (0-10cm) from the 
main sample points covering the study area. The 
sampling positions were recorded using GPS 
localization. The collected samples were air dried, 
crushed in a porcelain mortar and stored in a 
polyethylene bags for subsequent analysis. The 
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concentration of Pb, Zn, Cu, Cd, Ni, As, and Cr were 
determined in all samples using Atomic absorption 
Spectrophotometer (FS 240 Varian) with standard 
solution in similar manner to that described in APHA 
1995. 
 
Fig 1: Geologic and sample location map of Mkpuma Ekwoku and 
its environs 
 
Sediment pollution indices: Geo-accumulation index 
(I-geo): This was determined by the following 
equation according to Muller (1996), I-geo = Log 
2(Cn/1.5 Bn); Where Cn = measured concentration of 
heavy metal in Mkpuma Ekwoku, Bn = Geochemical 
background value in average abundance of shale is 
used for the possible variations of the background data 
due to lithological variations. The geo-accumulation 
index was classified into seven different groups (table 
1) according to the severity of contamination (Muller, 
1996). 
 
Table 1: Classes of geo-accumulation factor 
 
 
The Pollution Load Index (PLI): The Pollution Load 
Index (PLI) is obtained as degree of overall 
contamination using the concentration factors (CF). 
CF is the quotient obtained by dividing the 
concentration of each metal with background value. 
The PLI of the place are calculated by obtaining the n-
root from the n- CFs that was obtained for all the 
metals. Generally pollution load index (PLI) as 







PLI = n √ (CF1 x CF2x CF3x…x CFn) 
Where, CF = contamination factor, n = number of 
metals, Cmetal = metal concentration in polluted 
sediments, CBackground value = background value of that 
metal. The PLI value of > 1 is polluted, whereas <1 
indicates no pollution (Harikumar et al., 2009). 
Microsoft excel and ANOVA were used for statistical 
calculations. 
 
RESULTS AND DISCUSSION 
The concentrations of heavy metals in sediments are 
varied according to the rate of particle sedimentation, 
the rate of heavy metals deposition, the particle size 
and the presence or absence of organic matter in the 
sediments (Saloman et al., 1987). The concentration of 
Pb, Zn, As, Ni, Cu, Cr and Cd in the sediment of the 
study area ranges between 33.73 – 166.26, 114.51 – 
303.30, 0.00 – 5.10, 0.82 – 4.43, 3.940 – 16.910, 4.97 
– 28.32 and 2.00 – 20.22 mg/kg respectively (table 2). 
Zn has high concentration compared with other heavy 
metals in the study area, in the order; Zn > Pb > Cr > 
Cd > Cu > Ni > As. This may be due to the high 
concentration of this metal in suspended solids and 
sphalerite bearing ores in the area. Obiora et al. 2016b 
has also reported high values of Zn, Pb and Cd in soils 
of lead-zinc mining district of Enyigba in other part of 
Nigeria. 
 
In characterizing the contaminant level in Mkpuma 
Ekwoku, the approach described in the United States’ 
Environmental Protection Agency (USEPA) and Mid-
Atlantic Integrated Assessment (MAIA), for estuaries 
1997-1998 Summary Report (table 2). This was in line 
with the sediment quality guideline established by 
Long et al. (1995). Metal concentrations in sediments 
below ERL values are not expected to cause adverse 
effects, concentrations between the ERL and ERM 
values represent a range within which effects will 
occasionally occur while metal concentrations in 
sediments above ERM are likely to be very toxic 
(Table 2).   
 
The values of the analysed heavy metals in the study 
area were within the ERM and ERL allowable limits 
except for Cd which shows values above allowable 
limits of ERM and ERL in 60 % sampled points in the 
area. The maximum concentration of Cd in all sampled 
locations is 20.22 mg/kg, above the toxic level. 
Therefore, according to the US –EPA – MAIA 1998, 
the rest of the tested heavy metals are also below the 
toxic level. Furthermore, the heavy metal 
concentrations of the area were compared with the 
maximum standards set by Canadian Environmental 
Quality Guideline (CCME, 1999) (Table 2). 
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Table 2: Heavy metal concentration (mg/kg) of elements in sediments of Mkpuma Ekwoku and its environs. 
 
 
Pb and Zn concentrations in 60 % of the sample points 
exceeded the values of CCME of 70 mg/kg and 200 
mg/kg respectively. Pb shows highest concentration in 
sample point 1 (166.26 mg/kg) while Zn shows highest 
concentration in sample point 2 (303.1 mg/kg) above 
CCME (table 2). The concentrations of Cd across the 
sample area which ranges from 2.00 to 20.22 mg/kg 
exceeded the maximum allowable limits of 1.4 mg/kg 
similar to the ERM and ERL discussed above. These 
high concentrations could also be attributed to the 
mining activities in the area and the local geology.   
 
Table 3: Geo-accumulation index (I-geo), Contamination factor 




 Geo-Accumulation Index: The geo-accumulation 
index (I-geo) is a quantitative measure of the degree of 
contamination in sediments (Singh et al. 2005). The 
geo-accumulation index for the quantification of 
heavy metal accumulation in the study area is 
presented in table 3. I-geo grade for the study area 
sediments varies from metal to metal and site to site 
(across metals and sites). Following the geo-
contamination index values given in table 3, it can be 
deduced that Cd is moderately contaminated to 
extremely contaminate with the highest value up to 
13.48. Lead and Zinc are within uncontaminated to 
moderately contaminate in the study area.  While I-geo 
for the other elements (As, Ni and Cr) indicated 
uncontaminated. The contamination of cadmium in the 
study area could be as a by-product of the Pb-Zn ore 
and this may impose serious health issues in future. 
Pollution load Index: Result of this study shows that 
the mean CF values of most of the metals such as As, 
Cu, Cr and Ni are low (< 1) (Table 3). But the CF 
values for metals like Pb, Zn, and Cd shows higher (> 
1) values. This could be due to external discrete 
sources like anthropogenic inputs and geogenic 
sources. The values of the pollution load index were 
found to be generally low in all the sample area. 
Pearson’s correlation coefficient (r) is used to measure 
the strength of a linear relationship between any two 
variables on a scale of -1 (perfect inverse relation) 
through 0 (no relation) to +1 (perfect sympathetic 
relation) (Asaah et al., 2006).  
 
The correlation coefficients of the mobile 
concentrations of the heavy metals in the sampled 
media are shown in Table 4 below. According to 
Evans (1996), When r is 0.00 - 0.19 = very weak, r is 
0.20 - 0.39 = weak, r is 0.40 – 0.59 = moderate, r is 
0.60 - 0.79 = strong, r is 0.80 – 1.0 = very strong.  
 
The closer the value is to +1 or –1, the stronger the 
linear correlation. In the soil sediments sampled for 
Mkpuma-Ekwoku, the correlation matrix (Table 4) 
shows very strong correlation of Pb and Cd, Pb and Zn 
while moderate correlation of Cu and Ni. There is a 
very weak correlation of As and Cd, As and Cr, As and 
Ni, Ni and Cd, Ni and Cr while the rest falls in the 
range of weak correlation. These may be probably due 
to differences in the dispersion of these metals. 
However, generally, the result shows that the elements 
are inter related. 
 
Conclusion: Pb, Zn and Cd contaminations in the area 
can directly result from the past mining activities in 
the area and local geology. These have direct effect on 
soils and water bodies (streams) and interfere with 
their nutrients uptake. The effect may range from 
simple ailments to serious changes in sensory 
perceptions, immune and nervous system 
impairments, damage of vital internal organs, reduced 
fertility, spontaneous abortion and ultimately death. 
Researches are encouraged to avoid future casualties 
similar to the incident in Zamfara mines in northern, 
Nigeria.    
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Table 4: Correlation matrix of eight heavy metals in the soil samples from Mkpuma Ekwoku 
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